Abstract This study reviews the existing literature concerning the association between depression and driver safety. Despite its increasing prevalence and its disabling impact on the world's population, there is surprisingly little research examining the impact of depressive disorders on driver performance. The review begins by examining the early studies of drivers deemed "mentally ill" and the subsequent epidemiological literature including case-control and prospective cohort studies of depressed drivers. The review also examines the more recent experimental investigations of depression and driver performance that have relied on naturalistic measurements and advanced driving simulation. The review concludes with a discussion of relevant issues (e.g., the impact of antidepressants on driver performance, suicide by driving), public policy implications of the research, and future research directions.
to some estimates, depression is the leading cause of disability in the world (NIMH, 2007 , as cited in Osterman et al. 2009 , and rates of depression are expected to rise significantly over the next two decades in response to our ageing population, increasing poverty, and rapid global transformations (Charlton et al. 2004 ).
An increasing body of research confirms that individuals experiencing depression are at risk for premature mortality (Wulsin et al. 1999; Wyman et al. 2012 ). Contrary to common expectation, excess mortality risk associated with depression is not explained by suicide (e.g., Mykletun et al. 2007; Wyman et al. 2012 ). According to Hernetkoski et al. (2009) , onthe-road suicides account for only 2 % of all suicides but a larger percentage of total road fatalities. Estimates go as high as 15 % but the most frequent estimates range from approximately 8 to 9 % (Isherwood et al. 1982; Keskinen and Pasanen 1990; Kuroda and Pounder 1994) . It has been suggested that depression may affect driving skills and behaviours (e.g., Selzer and Vinokur 1975; Wingen et al. 2006) ; however, there is surprisingly little research examining the impact of depression on driver performance and collision risk (Dobbs 2005; Hollister 1992 ). Most previous reviews of this literature are restricted to the 'grey literature', have been based on a relatively small number of studies, and have been inconclusive (Charlton et al. 2004; Dobbs 2005; Marshall 2008; Vaa 2003) .
Since depression is among the most common psychiatric disorders affecting the population, an impact on driver performance and collision risk could have substantial implications in several areas, including quality of life considerations for those with the disorder, and for traffic safety. Thus, the current paper will outline in detail the present state of knowledge on the issue. Through a narrative review, the paper will first discuss the early driving safety studies which examined mental health generally, and will subsequently outline the epidemiological and experimental research of the driving-related effects of depression, specifically. The review will conclude by identifying related issues and future directions for research. It should be noted that the impact of depression on driving behaviour impaired by alcohol and drugs will not be addressed in the current review. This relationship has been well established in the literature, and there is insufficient space to allow for a thorough review of this issue.
Studies of Persons Deemed Mentally Ill
Persons with mental illness, especially in the acute untreated phase, are likely to have diminished cognitive abilities, inability to concentrate, and slowed reaction time. These are all functions that are necessary in driving a road vehicle safely. Approximately 80 % of depressive in-patients hold a valid drivers' licence, and approximately 70 % of these patients drive regularly (Brunnauer and Laux 2013) . Several medical guidelines suggest that patients should not drive when their psychiatric problems are acute (Canadian Medical 2006; Carter 2006; Transport Agency 2009) .
A few early studies have examined rates of road accidents and violations in drivers with "mental illness". Other studies have looked at the performance of the mentally ill on driver simulators. These studies include a catch-all category (e.g., "mental illness" or "psychiatric disorders") and typically contain little or no analysis by type of disorder.
The first study of mental illness and driving risk was done by Waller (1965) . It was based on the driving records of 2,672 drivers in California whose licenses were under medical review. Supposedly this review was occurring because of some increased risk due to their illness. In this study 292 drivers were diagnosed with a "mental illness". These drivers had reported accident rates of 15.3 per million miles driven compared to 7.2 per million in the general population. They also had a higher rate of driver violations. Miles driven were estimated and could be somewhat in error. Waller's study had several other limitations. It did not sample mentally ill drivers in general, only those who came to the attention of licensing agencies. It may therefore have overestimated the rate of accidents and violations among mentally ill drivers in general. Also no data were provided for separate sub-categories of the mentally ill sample (e.g., depression, anxiety, schizophrenia, etc.).
Another study by Buttiglieri and colleagues involved several statistical analyses published over a span of several years. The research examined the driving records of 361 psychiatric inpatients for the 3 year period preceding hospitalization. The earliest analyses reported no difference in collision and driving violation records between the psychiatric in-patients and a random sample of male California drivers (Buttiglieri and Guennette 1967a, b) , although a small but significant group (3 %) of the in-patients had driving records that identified them as "negligent operators" (Buttiglieri and Guennette 1967a) . Subsequent analyses contrasting a larger psychiatric in-patient sample (n=533) with the general population group replicated the lack of a significant finding concerning the rate of collision involvement; however, a significantly greater number of driving violations was found for the in-patient psychiatric sample (Buttiglieri et al. 1969) . Unfortunately, this study did not measure driving exposure. In response to this limitation, the authors applied exposure estimates from Waller's study (1965) , and found no change in the relationship. Still, there is no way to confirm that the exposure data from Waller's study were even remotely accurate estimates of exposure for the sample used in Buttiglieri et al.'s studies.
A small study by Cushman et al. (1990) provided results consistent with Buttiglieri and Guennette's (1967a, b) earlier findings. Cushman et al. studied a group of 1,775 accident victims seen in ten hospitals in New York State. Drivers having a current or past psychiatric diagnosis did not have more single vehicle accidents or road violations than controls without psychiatric diagnosis. However, the study included only single vehicle accidents, and no analyses were made for particular diagnostic groups. Also, the comparison of drivers with a psychiatric disorder was based only on 17 cases with 17 controls. Lastly, the data were drawn from collisions where someone was injured sufficiently to need hospital care, which means that most collisions were excluded from analyses. Bech (1975) examined the driving abilities of 46 psychiatric in-patients using a rudimentary driving simulator, which consisted of a cyclorama with painted landscape that rotated in response to the operator's depression of an accelerator pedal. Based on the presence of psychotic symptoms, participants were divided into psychotic and non-psychotic groups, although a variety of diagnostic categories were represented in each group. Participants were also matched for age, sex, and driving experience. Results of the study found no differences in speed or number of gear changes; however, psychotic patients had a significantly prolonged brake response time, particularly toward the end of the driving period indicating poor vigilance. This difference between groups disappeared once anti-psychotic drug treatment had been initiated. Unfortunately, this study did not include a control group of drivers without mental illness, and the restricted number of participants in the study suggests cautious interpretation of the results.
Fortunately, more recent studies have involved larger samples. De Las Cuevas and Sanz (2008) used a driving simulator to assess driving fitness among 208 consecutive psychiatric out-patients in the Canary Islands. No analyses were made for psychiatric sub-categories. The study assessed attention, reaction time, anticipation of speed, coordination, decision-making skills, and risk-taking. Of the 208 patients, 84 % failed at least one of the tests and 79.5 % had scored too low to get a license renewal. A later study (De Las Cuevas and Sanz 2009) found that of 120 psychiatric patients who drove regularly and had a license, only 24 passed the simulator tests necessary to get a license. In another study, De las Cuevas et al. (2010) examined psychiatric out-patients at two time points. When destabilized patients were examined at admission, only 10 % could do the simulator tests necessary to drive safely. However, when tested after 6 weeks of "appropriate" psychotropic treatment, 25 % could do the test well enough to drive safely. No comparisons were made with drivers who did not have psychiatric problems.
Only one case-control study has been found examining road death in relation to psychiatric problems in general. Dumais et al. (2005) compared 61 young Canadian males who died in a MVC with a similar group of living male drivers. Drivers under age 25 years were found to be comparable in "all measures of psychopathology" when psychological autopsies were done. In drivers aged 26 years or older, only cluster B personality disorders (borderline and antisocial) were associated with more MVCs. Depression was not seen as more prominent among MVCinvolved drivers.
Most but not all studies of people with undifferentiated mental illness or psychiatric problems show that these drivers do not have higher collision or fatality rates, but they do demonstrate more violations and perform more poorly on driving simulators. However, most of these studies have been flawed. Clear comparisons with drivers not having psychiatric problems have often not been made. Differences in driving exposure have not always been considered. Most importantly, the significant variation in the impact of different psychiatric diagnoses should be considered when examining the relationship between mental illness and driver performance. For these reasons, based on studies of unspecified mental illness, a clear conclusion concerning the relationship between psychiatric disorder and driver performance is difficult to make and a conclusion concerning the relationship between depression specifically and driver performance is not possible.
Epidemiological Studies of Depressed Drivers
Studies that have focused on depressed drivers specifically as opposed to the "mentally ill" have generally adopted epidemiological case-control or prospective cohort designs. These studies have examined the impact of depression on two primary outcome measures: (a) MVCrisk or the probability of being at-fault for a MVC, and (b) the incidence of aggressive or risky driving.
Increased Collision Risk
There have been several case-control studies focused on the impact of depression on MVCrisk. The results of these studies have been mixed; however, the majority has identified depression as a contributor to increased collision risk. Selzer et al. (1968) compared 96 drivers deemed responsible for fatal MVCs with 96 control drivers matched for age, sex, and home county. Interviews with surviving drivers and their families and reviews of arrest and traffic records revealed that the rates of paranoid ideation, suicidal proclivity, and clinical depression were greater among the MVC-involved drivers (41 % reported at least one symptom of psychopathology) than the control drivers (17 % reported at least one symptom). Moreover, these drivers experienced significantly more personal conflict and vocational-financial stress than control drivers, and they experienced acutely disturbing events such as quarrels with others within 6 h of causing the fatal MVC. Fifty-two percent of MVC-involved drivers had experienced stress versus just 18 % of control drivers. Likewise, Selzer and Vinokur (1975) surveyed male drivers from Michigan above the age of 20 years, including 102 drivers recruited from a local drivers' licensing office and 135 drivers recruited from a traffic school which they were ordered to attend following a conviction for moving traffic violations. Although the results only approached significance, it was found that depression (p=0.07) and various measures of life events stress (p=0.02 to 0.17) were greater among those drivers who had been involved in a MVC compared to those who had not. Holt (1981) surveyed drivers admitted to orthopaedic wards following a MVC. Drivers deemed at-fault for the collision reported experiencing significantly more stressful life events in the year preceding the collision and reported more symptoms of psychological disturbance than did the not-at-fault drivers. In a more advanced study, Sagberg (2006) surveyed Norwegian drivers who had reported a MVC to their insurance company and examined the crash risk posed by various medical conditions. Likelihood of being at-fault for the collision was examined in drivers with and without each medical condition. Sagberg reported an odds ratio of 2.43 for 'feeling depressed', indicating that drivers who reported feeling depressed were more than twice as likely to be at-fault for the collision than drivers who did not report such feelings. It should be noted, however, that the response rate for the survey was only 30 % and that questionnaires were completed several months after the collision, suggesting that feelings of depression may not have been present at the time of the collision. Koepsell and colleagues (1994) conducted a matched case-control study of drivers aged 65 years and older. They found that individuals who had been injured while driving were more likely to have been diagnosed with depression in the 3 years before the MVC than non-injured drivers matched for age, gender, and county of residence (OR=1.7); however, this effect only approached statistical significance.
In a similar study, Rainio et al. (2007) examined reports of 542 fatal MVCs from road accident investigation teams in Finland. Results revealed that psychiatric diseases, including depression, were diagnosed more often among deceased drivers who had contributed significantly to their MVC than among any other groups of drivers, including surviving drivers who contributed significantly to their MVC and deceased passengers. In a survey of Australian heavy goods vehicle drivers, Hilton et al. (2009) identified a relationship between symptoms of depression and driver performance. Specifically, severe and extremely severe depression symptoms were associated with more than a four-fold increase in the risk of a MVC (OR= 4.4) and a five-fold increase in the risk of a near-miss (OR=5.0).
Finally, in separate analyses of a general population survey of adults in Ontario, Canada, researchers examined the impact of psychological distress on collision involvement. In the first analysis, Mann et al. (2010) reported that increased scores on a measure of depression-anxiety were associated with an increased risk of collision (OR=1.05). In a subsequent analysis, Wickens et al. (2013) used a new scoring method for the same measure, that had since been validated as a suitable proxy measure of anxiety and mood disorder (AMD) for epidemiological and surveillance purposes (Mann et al. 2011 ). This analysis demonstrated an even stronger association, with the presence of AMD nearly doubling the risk of a MVC (OR=1.78).
Although the majority of case-control studies appear to have identified an increased risk of MVC-involvement among those with symptoms of depression, not all case-control studies have done so. Isherwood et al. (1982) compared 150 suicide attempters and 100 drivers involved in MVCs with 200 controls drawn randomly from the general population. Although depression was the most important factor associated with a suicide attempt, depression did not differ between controls and MVC-involved drivers. In another study, Vingilis and Wilk (2007) examined longitudinal data from the Canadian National Population Health Survey for the years 1994-2002. Respondents who reported experiencing psychological distress reported a higher percentage of subsequent MVC injuries; however, distress was not a significant predictor of MVC injury risk when other factors such as binge drinking, health status, and medication use were considered simultaneously in the analysis. A subsequent analysis by Vingilis and Wilk (2012) again examined psychological distress, along with the impact of antidepressant use on MVC injuries. In the latter analysis, psychological distress was not associated with increased risk of MVC injury, although greater injury was found to be related to antidepressant use independent of the level of distress.
Many of the prospective cohort studies examining the relationship between depression and collision risk have focused on older drivers and, like the case-control studies, have also produced mixed results. Sims and colleagues (2000) followed a group of 174 older adults from 1991 through 1996. Drivers reporting symptoms of geriatric depression in 1991 were 2.5 times more likely to be involved in a MVC in the following 5 years. Likewise, Cross et al. (2009) pooled data from four cohorts of older drivers and found that depression was associated with an increased risk of MVC involvement, although the effect only approached statistical significance. On the contrary, Marottoli and colleagues (1994) examined a probability sample of 283 noninstitutionalized persons aged 72 years and older living in New Haven, Connecticut. Depressive symptoms assessed by the Center for Epidemiologic Studies-Depression scale had no impact on the number of times drivers were stopped by police, committed moving violations, or were involved in a MVC. Likewise, Margolis et al. (2002) examined data from 1,416 older women enrolled in the Study of Osteoporotic Fractures. Again, depression was not a significant predictor of MVC involvement; however, only 3.5 % of this sample scored high on the measure of geriatric depression, suggesting that the study may have lacked the necessary power to identify an association. Finally, rather than assessing older drivers, Martiniuk et al. (2010) examined data from novice Australian drivers aged 17-24 years. Compared to the referent group of novice drivers reporting no or low psychological distress, those drivers reporting moderate distress experienced a reduced risk of MVC involvement (RR=0.87). No effect was found for drivers reporting severe psychological distress.
Epidemiological research examining the relationship between depression and collision risk has been affected by several generally consistent limitations. Both case-control studies and prospective cohort studies have often been limited by failure to control for driving exposure or mileage (e.g., Selzer et al. 1968; Selzer and Vinokur 1975) , low response rates or sample sizes (e.g., Hilton et al. 2009; Sagberg 2006; Sims et al. 2000) , neglecting less serious collisions (e.g., Koepsell et al. 1994; Wilk 2007, 2012; Margolis et al. 2002; Marottoli et al. 1994) , possible underreporting of both collisions and psychiatric conditions due to reliance on self-report (e.g., Cross et al. 2009; Mann et al. 2010; Sagberg 2006; Wickens et al. 2013) , and the use of numerous statistical tests that may have resulted in some associations occurring by chance alone (e.g., Koepsell et al. 1994; Sims et al. 2000) . Perhaps due in part to these limitations, the results of these studies have been inconsistent; however, there does appear to be some evidence that depression is associated with increased collision risk.
Aggressive and Risky Driving
Aggressive and risky driving behaviour contributes to a significant number of deaths and injuries on the roadways (AAA Foundation for Traffic Safety 2009; Road rage: Causes et al. 1997) . Studies examining the relationship between depression and aggressive or risky driving behaviour have been much more consistent than those examining depression and MVC-risk, predominantly demonstrating a positive association. Several case-control studies have found such an effect. Fong et al. (2001) recruited patients from a general practitioner's office to participate in a survey study. Based on their survey responses, patients were assigned to a road rage perpetrator group, victim group, perpetration and victim group, or a control group. Compared to control patients, both perpetrators and victims demonstrated greater psychiatric morbidity. The authors suggested that these symptoms may have made perpetrators more susceptible to roadway provocation and victims more vulnerable to driving behaviours or errors that might provoke another driver. They concluded that lower levels of psychological/ psychiatric distress may, therefore, protect from involvement in incidents of roadway aggression.
A general population survey of adults in Ontario, Canada reported similar findings (Butters et al. 2006) . Three separate logistic regression analyses were conducted to predict road rage victimization, road rage perpetration, and involvement with serious road rage behaviour (defined as victimization by or perpetration of the most serious road rage incidents including attempting to damage another's car or to hurt other roadway users). Results indicated that the presence of psychiatric distress significantly increased the odds of road rage victimization and serious road rage involvement; however, it did not impact the risk of road rage perpetration.
In another study, Yu et al. (2004) recruited a sample of 431 clients attending an alcoholism and substance abuse treatment program following a drink-driving conviction. Survey results from the sample indicated that, depending on the model specified, depression was often predictive of risky driving which included behaviours such as speeding, running amber lights, and running stop signs. Regardless of the model specified, depression was always predictive of road rage which included behaviours such as tailgating, cutting off others, yelling, gesturing, and honking.
Finally, based on data from the National Epidemiologic Survey on Alcohol and Related Conditions (NESARC), collected through face-to-face structured psychiatric interviews, Vaughn et al. (2011) reported that a diagnosis of major depression was associated with reckless driving. Specifically, respondents were asked three questions: In your entire life, (a) "did you ever do things that could easily hurt you or someone else like speeding or driving after too much to drink?"; (b) "did you ever get more than three tickets for reckless/careless driving, speeding, or causing an accident?"; and (c) "did you ever have a driver's license suspended or revoked for moving violations?" Respondents who answered 'yes' to just the first question were identified as episodic reckless drivers. A diagnosis of major depression was associated with an increased risk of episodic reckless driving (adjusted OR=1.16). Respondents who answered 'yes' to the second question were identified as chronically reckless, and again major depression was associated with an increased risk of chronic reckless driving (adjusted OR= 1.21). Respondents who responded 'yes' to the third question were identified as chronic and severe reckless drivers; however, no association was found between this category and depression.
There are very few studies that suggest a lack of relationship between depression and aggressive or risky driving behaviour. One of the few such studies was a longitudinal cohort study following 1,055 young Australian drivers over a 23-year period (Vassallo et al. 2008) . Depression measured throughout the teen years was generally unrelated to risky driving which included behaviours such as speeding, not wearing a seatbelt, driving when tired, driving after drinking, and driving under the influence of drugs.
Beyond the case-control and cohort studies, there is a series of other correlational research that also lends credence to the hypothesized relationship between depression and aggressive or risky driving. For instance, Deery and Fildes (1999) conducted a cluster analysis on various self-reported personality and driving-related measures completed by 198 novice drivers aged 16 to 19 years. A five-cluster solution was produced. One of the two most high-risk clusters was characterized by high levels of driving aggression, competitive speed, driving to reduce tension, sensation seeking, assaultiveness, and hostility. This group was also characterized by low levels of emotional adjustment and high levels of depression. Likewise, in an online survey of novice drivers aged 17 to 25 years in Queensland, Australia, regression analyses revealed that psychological distress uniquely explained 8.5 % of the variance in young novices' risky driving behaviour (Scott-Parker et al. 2011) . For both male and female novice drivers, those who reported psychological distress also reported higher levels of risky driving.
Finally, a program of research conducted by Galovski et al. (2006) has contrasted treatmentseeking aggressive drivers to a community control sample of non-aggressive drivers. Results from this research program have been extremely mixed. In exploratory assessments of their samples, Galovski et al. found a non-significant trend (p=0.071) for aggressive drivers to be more likely to meet criteria for current mood disorders than the control participants. However, there were no differences between the groups in terms of past mood disorder. Moreover, there was a higher likelihood of a current mood disorder among aggressive drivers with Intermittent Explosive Disorder (IED) than among aggressive drivers without this diagnosis; however, there was no difference in psychiatric distress among IED-positive and IED-negative aggressive drivers. In a related study, when comparing a university sample of high-and lowaggressive drivers, no significant differences in current or lifetime prevalence of mood disorders were found (Malta et al. 2005) . Given the incongruous results from the various studies included in this research program, it is difficult to draw any firm conclusions from it.
As with the epidemiological studies of the relationship between depression and collision risk, the studies of the relationship between depression and aggressive driving behaviour also suffer from many of the same relatively consistent limitations. The vast majority of studies relied on self-report which may have resulted in the underestimation of socially undesirable behaviours such as driver aggression. Several studies faced problems of low response rate or sample size and attrition, which may have impacted statistical power and generalizability (e.g., Fong et al. 2001; Vassallo et al. 2008) . Still, the majority of epidemiological research examining the issue has provided evidence to suggest that depression contributes to driver aggression.
What Epidemiological Research Has Yet To Tell Us
Overall, although the results have certainly been mixed, it appears that there is some epidemiological evidence that depression may have a detrimental impact on collision risk. Additional research is needed to more fully understand the factors that might mediate or moderate this effect, and which might explain the inconsistency in findings. Age and the severity of depression are both potential candidates. Likewise, overall, there also appears to be epidemiological evidence that depression is associated with increased aggressive and risky driving behaviour. Neuroscientists have suggested that this correlation between depression and aggression may result from a common etiology; namely the dysfunctional transmission of serotonin (Bjork et al. 1997; Carver et al. 2008) . Still, what remains to be understood is precisely how depression impacts driver performance. Although the increased aggression evidenced in depressed drivers may explain some of their increased MVC-risk, are there other ways in which depression may impact driver performance, and hence driver safety? Experimental paradigms have provided a few answers to this research question.
Experimental Studies of Depressed Drivers
Many experimental studies have assessed the impact of depression on cognitive and psychomotor functioning thought to be related to driver performance (e.g., Hammar et al. 2003; Sabbe et al. 1999 ). Yet the assumed relationship between cognitive/psychomotor functioning and driver behaviour is not consistently demonstrated by empirical investigation (e.g., Verster and Roth 2012). More ecologically valid experimental research has utilized actual on-road driver performance or advanced driving simulation technology, which has been demonstrated to be predictive of on-road driver behaviour (de Winter et al. 2009 ); however, few such studies have been conducted.
As described previously, Deery and Fildes (1999) conducted a cluster analysis of personality and driving-related measures completed by 198 young novice drivers which identified five subtypes of drivers. One of these clusters included drivers who demonstrated strong roadway aggression, competitive speeding, and hostility, and who demonstrated higher levels of depression. In a second study, Deery and Fildes asked drivers from each of the five identified subtypes to complete a driving simulation task. The subtypes differed in terms of several behavioural responses. Drivers who had been identified as highly aggressive but also depressed demonstrated difficulty in anticipating potentially hazardous events. They also demonstrated difficulty in controlling their attention between competing tasks in a driving situation and a lack of caution in terms of driving speed in an emergency situation.
A quasi-experimental simulation study of depression and driver performance was conducted by Bulmash and colleagues (2006) who compared the driving simulator performance of 18 out-patients diagnosed with Major Depressive Disorder with 29 control participants. After controlling for age and sleepiness, the sample of unmedicated depressed patients exhibited slower steering reaction times and a greater number of crashes than control participants. In both cases, the differences were characterized as being medium effect sizes. The authors suggested that the slowed reaction time may have been the result of depressionrelated impairment in allocating cognitive resources among various cognitively complex driving subtasks. This interpretation would be consistent with the finding of Deery and Fildes (1999) that drivers with more depressive symptoms demonstrated greater difficulty in dividing attention between competing driving-related tasks. Brunnauer et al. (2008) randomly assigned 40 depressed in-patients to receive treatment with either reboxetine or mirtazapine. Their simulated driving ability was assessed before and after initiation of the treatment medication. Compared to a group of ten healthy control participants, prior to receiving their medication depressed in-patients were involved in a significantly greater number of simulated collisions. Cognitive and psychomotor testing also revealed that untreated in-patients performed more poorly than healthy controls in their selective attention and reactivity/stress tolerance. Wingen et al. (2006) experimentally assessed actual driving performance of 24 depressed patients receiving selective serotonin reuptake inhibitor (SSRI) or serotonin and noradrenalin reuptake inhibitor (SNRI) treatment for 6-52 weeks. The depressed patients' driving performance was compared to healthy controls matched for age, gender, and years of driving experience. Results of the study indicated that medicated patients demonstrated a greater weaving motion in their driving, as well as impairment of their ability to adapt to the changing speed of a leading vehicle. In cognitive testing, depressed patients also demonstrated impairment of their critical flicker fusion threshold, indicating reduced arousal and activation of the central nervous system. This may indicate that the impaired driving performance of depressed patients was due to reduced energetic resources or central arousal, which is consistent with reports of poorer sleep quality among patients versus controls. Based on evidence that SSRIs generally do not affect weaving in healthy drivers, the authors concluded that the driving impairment demonstrated by the depressed patients was most likely caused by the residual depression itself, as opposed to any side effects of their treatment medication.
What Experimental Research Has Yet To Tell Us
Although only a limited amount of experimental research has been conducted, results suggest that the performance of depressed drivers may be impaired. These motorists experience difficulty with reaction time, divided attention, reacting to changing speeds when following another vehicle, and weaving more within lane, all of which may result in an increased risk of collision. Much more experimental research is needed to fully comprehend the impact of depression on driver behaviour and its implications for collision risk.
It is also imperative that future investigations do not confound the effects of depression with the effects of its treatment medications. Wingen et al. (2006) contrasted healthy control participants with medicated depressed drivers, instead of assessing unmedicated depressed drivers. This design flaw made it impossible to determine if the behavioural driving-related effects demonstrated in the study were the result of psychopathology or antidepressant medication. This latter possibility is, in itself, another important research question: does antidepressant medication improve or hinder the performance of depressed drivers? While there is a dearth of knowledge on the topic (see Brunnauer and Laux (2013) ; Linnoila and Seppala (1985) for a review of the available literature), it is likely that the impact of antidepressant medications may be determined mainly by their sedative effect profile (Dassanayake et al. 2011; Ramaekers 2003) . Although a full discussion of the impact of antidepressant medications on driver performance is beyond the scope of the current review, it should be noted that most of the experimental studies examining this issue have tested antidepressant medications on healthy volunteers instead of examining their impact on depressed drivers (Brunnauer and Laux 2013) . Future experimental research is needed to determine the impact of all types of antidepressant medication on depressed drivers specifically, in order to determine if treatment increases or reduces their risk of collision.
Conclusions
The research to date examining the potential impact of depression on driver performance has produced mixed results. Predominantly early studies examined drivers with any psychiatric diagnosis within a single catch-all category. Results generally indicated that these drivers do not have higher collision or fatality rates, but they do commit more violations and perform more poorly on driving simulators. However, in light of a number of serious methodological limitations associated with studies of unspecified mental illness, a firm conclusion concerning the relationship between depression and driver performance cannot be drawn based on this research. Epidemiological studies focused specifically on drivers experiencing psychological distress or depression have provided more insight. These studies suggest that depressed drivers engage in more risky and aggressive roadway behaviour, and face a greater risk of collision. Only a few experimental studies using on-the-road performance or simulation have focused on the behavioural impact of depression, and these studies indicate that depressed drivers encounter difficulty with reaction time, divided attention, reaction to changing speeds when following another vehicle, and weaving within lane. These difficulties are likely to impact drivers' risk of collision.
Overall, the existing literature suggests that driver safety may be at risk when a diagnosis of depression is present. A significant amount of epidemiological research supports this conclusion, but more experimental research is necessary. Naturalistic and simulation studies should be conducted to identify and confirm the cognitive, emotional, and behavioural impact of depression in the roadway environment. For instance, are depressed drivers more likely to attribute potentially offensive roadway behaviours to deliberate intent? Are these drivers more likely to become angry or to respond aggressively? Are they more likely to engage in risky driving behaviour (e.g., driving at a higher speed, passing a slow moving vehicle in the oncoming traffic lane with less time to spare)? Do they perceive hazards in the roadway environment the same way as do other drivers? Experimental research, which can draw causeand-effect conclusions, is necessary to answer these research questions.
The issue of antidepressant medication and its impact on driver performance is highly important. Although, it has not been thoroughly outlined in the current review, it is essential to driver safety that the driving-related effects of all types of antidepressant medication are well understood. Some past research has confounded the effects of depression with its treatment medication (e.g., Wingen et al. 2006) , and other studies have looked at the impact of antidepressants on healthy drivers (Brunnauer and Laux 2013) . The advancement of driver simulation technology presents an excellent opportunity to address this research question and to resolve methodological limitations of previous investigations.
Research addressing all of these issues would greatly inform public policy concerning mandatory reporting laws. In many jurisdictions, healthcare providers including physicians and psychiatrists are required by law to report patients who may be unfit to drive for medical reasons to the appropriate authorities. More specific guidelines are currently lacking, making the decision to report a potentially unfit patient much more difficult. Future investigations will need to achieve a delicate balance between maintaining the safety of depressed drivers and other roadway users and maximizing depressed drivers' mobility and quality of life.
